Expression of endogenous mouse mammary tumor virus sequences varied over the course of development of the mammary gland during primary pregnancy and lactation in virus-free BALB/c mice. Although RNA from all regions of the genome was detected, both the level and temporal regulation of expression were different for long terminal repeat-, env-, and gag-pol-specific RNAs. Analysis of the methylation status of proviral DNA indicated differential accessibility of the three endogenous units during development. The results demonstrated noncoordinate regulation of mouse mammary tumor virus expression with respect to provirus template utilized and specific transcripts accumulated.
Expression of mouse mammary tumor virus (MMTV) genes is tissue specific and stimulated by steroid hormones (21, 24, 25) . In addition, the incidence of mammary tumors in mice is increased by parity and may be influenced by artificial manipulation of hormone levels (9) . Because of the association of MMTV with mammary neoplasia, we wished to determine the range of expression of endogenous viral genes in normal mammary gland cells of virus-free mice.
Female BALB/cCrl/Med mice (2 to 4 months old) used in this study were sacrificed at the indicated times of their first pregnancies. At the time of sacrifice, the uterine contents were examined to confirm the stage of pregnancy. The incidence of spontaneous mammary tumors in breeding females of this BALB/c substrain between 1979 and 1984 was 0.3%.
Endogenous MMTV-specific RNAs are expressed differentially during pregnancy in BALB/c mice. RNA was extracted from tissues by solubilization in guanidine hydrochloride as previously described (6) and purified by sedimentation in CsCl (4). Total cellular RNA prepared from mammary glands of mice at various stages of pregnancy and lactation was dotted onto nitrocellulose as described by Thomas (22) and hybridized (26) to probes derived from defined regions of the MMTV genome (11) .
Transcripts representative of each of the regions were detectable during this developmental process (Table 1) . The kinetics of expression from the different regions of the viral genome varied. Very low levels of virus-specific transcripts were expressed in glands taken from virgin animals or early in pregnancy. RNA complementary to the long terminal repeat (LTR) probe appeared at elevated levels in the middle of pregnancy, whereas env-and gag-pol-specific messages rose abruptly in concentration only at lactation. Levels of the env and gag-pol RNAs declined to baseline levels after weaning of the pups, whereas levels of LTR-specific transcripts remained somewhat elevated. The highest levels of each of the RNAs were present in mammary glands of lactating animals, but even those maximal amounts represented less than 10% of the MMTV-specific RNAs detected in virus-positive tumors. Differential expression of MMTVspecific RNAs was confirmed with samples taken from mice during precisely timed pregnancies (Table 2) . * Corresponding author.
LTR-specific message was always detected in much greater amounts than env or gag-pol hybridizing sequences. Whereas the gag-pol-specific probe can detect only genomelength message (8.9 kilobases [kb]), the envelope probe can hybridize to both 8.9-and 3.8-kb RNAs. The LTR probe would detect a 1.6-kb transcript in addition to the larger two (23, 26) . RNAs from various developmental stages of the mouse mammary gland were sized on formaldehyde denaturing gels and transferred to nitrocellulose. The pattern produced when such a blot was hybridized against an LTR probe is shown in Fig. 1 . MMTV-specific RNAs were detected at 1.6 and 3.8 kb at all stages of development, but the 1.6-kb LTR message was increased in concentration relative to the envelope-specific 3.8-kb message in mammary glands of mice from the middle of pregnancy onward. The lane containing the sample from lactating animals (N) is vastly overexposed and illustrates the relative intensities of reactivity when equivalent amounts of RNA from glands at different stages of development were analyzed; a shorter exposure time showed that levels of 1.6-kb message were high relative to the 3.8-kb RNA in lactating tissue (lane N'). The 8.9-kb genome-length message was not detected in these blots. Concentrations of gag-pol-specific RNA as determined in the dot-blot assay were quite low relative to LTR 100 (1.1) 11 .5 (0.13) " Probes for the LTR, eni', and gag-pol regions of (C3H) MMTV were prepared from plasmids generously supplied by J. Majors and H. Varmus (11) . Inserts were excised from the vectors by digestion with PstI and isolated on agarose gels. I Total cellular RNA was prepared from mammary glands of primiparous BALB/c mice (4 to 6 mice per determination) as described in the text. RNA (5 ,ig) was reacted in dot-blot hybridization assays with the indicated MMTV probe. Early pregnancy -6 to 8 days of gestation; mid pregnancy -12 to 14 days of gestation; lactating -1 week after delivery; regressing ->30 days after weaning. Numbers represent relative detection of transcripts normalized to maximum detection (100) at lactation for each probe. Numbers ' The approach was the same as that detailed in the footnotes to Table 1 . except that the days of pregnancy were precisely timed. The gestation period for the mouse is 21 days. The mammary glands of 4 to 6 animals were pooled for each point. The numbers represent relative detection of transcripts normalized to maximum detection at lactation (100) for each probe. The ratio of actual levels of the three transcripts at lactation was approximately 100:20:<5 for LTR:env:gag-pol, although differences in specific activities and sizes of probes were not considered.
'Levels of gag-pol RNAs are lower than those shown in Table 1 .
Contaminating envelope sequences were removed from the gag-pol probe ( 11) by digestion with EcoRl and purification from agarose gels.
and ens' hybridizing sequences (Table 1) ; as transfer of large-molecular-weight RNA species from the separating gel may not be quantitative, small amounts of the 8.9-kb message might be present but not observable in these assays. The kinetics of appearance and disappearance of LTRspecific RNA differed from that of eiy and gag-pol messages (Tables 1 and 2 ; Fig. 1 (Fig. 2A) by using a gag-pol-specific probe. Digestion with PstI yielded only two gaig-pol-specific bands 5.9 and 5.4 kb in size. These fragments are those predicted from endogenous units III and II, respectively. Confirmatory results were obtained when lactating-gland DNA was digested with SstI. This enzyme cleaves each intact BALB/c endogenous provirus only once. Unit I was not detected in these blots because it does not contain gag-pol-specific sequences.
BALB/c proviruses are differentially hypomethylated during mammary gland development. We wished to determine whether the response of the endogenous units to the hormonal stimulation of pregnancy was governed more by their presumed sequence similarities or by their obvious differences in chromosomal domain. Because of 4 to 6 primiparous animals was digested with restriction enzyme, separated on a 0.8% agarose gel (12) , blotted onto nitrocellulose (20) , and analyzed by hybridization (12) MMTV sequences was observed and probably reflects different underlying mechanisms. Specific regions of the genome were expressed to very different extents over the course of gland development (Tables 1 and 2 
